We proposed the brominated carbon cloth that made of polyacrylonitrile-based activated carbon fibers (PAN-ACFs) as a precursor to chemically and uniformly graft SO3H groups to prepare the solid acid catalyst. The thermal and catalytic properties of the sulfonated PAN-ACFs were examined by IR controlled catalytic measurements and thermal analysis. The catalytic test results showed that the sulfonated surface remarkably improved the operating efficiency in isopropanol dehydration by decreasing the reaction temperature. All PAN-ACFs with grafted SO3H groups prepared through brominated precursors can converse 100% of isopropanol into propylene at moderate temperature. They showed the highest catalytic activity compared to PAN-ACFs sulfonated with oleum and chlorosulfonic acid, which conversed only 40% and 70% of isopropanol into propylene and deactivated at the higher temperatures in the reaction medium.
Introduction
Carbon cloth and carbon fibers have attracted wide attention because of their excellent multi-functional properties, such as high mechanical strength and advanced thermal stability. Carbon fibers (CF) have the developed surface area, and, so, can act as an adsorbent or solid catalyst [1] [2] [3] [4] . Adsorbents and catalysts can be prepared in the most convenient forms for modern technology. These forms include woven and non-woven materials, textile, fabric, fibers, bands, tows/wisps, and ultra-dispersed powders prepared from crashed and milled fibers. Functional groups of different chemical nature that can be introduced into the surface layer of carbon cloth and carbon fibers. By this introduction, one can vary the surface chemistry of carbon materials [5] [6] [7] . In fact, this method is promising for the preparation of advanced heterogeneous catalysts with grafted sulfo groups, which are thermostable and hydrolytically stable sites of high acidity [8] [9] [10] .
The main method to get sulfonated carbon materials is the direct reaction of carbons with oleum and concentrated sulfuric acid [11] [12] [13] . The highest concentration of sulfo group can be obtained by sulfation of biochars and partially carbonized carbons [14, 15] . However, the catalysts obtained because of such treatment have mechanical characteristics far below that required and low chemical resistance. This situation prevents the use of sulfonated solid carbons for the catalytic liquid-phase reaction that takes place at heating [14, 15] . The present paper is devoted to the bromination of carbon fiber using liquid bromine and aqueous Br2•KBr complex. The possibility of using synthesized brominecontaining precursors to produce sulfonated carbon fiber is also explored.
Experimental part

Material and methods
We used commercial activated carbon fiber cloth prepared by carbonization and activation of polyacrylonitrile (PAN-ACF). The specific surface area (SBET) and the sorption pore volume (VS) of the pristine PAN-ACF were 950 m 2 /g and 0.19 cm 3 /g, respectively.
The bromination was carried out using two techniques designed to avoid the use of halogenated solvents or solvents that can form strongly adsorbed brominated derivatives. For such purpose, we estimated the difference between the total mass loss between 200 and 800 °C found by the TGA method and the bromine content in the samples determined by chemical analysis.
Synthesis
The ratio of desorbed bromine to carbon oxides formed at the decomposition of oxygencontaining surface groups was found by the TPD MS method. To determine this ratio, we found the peak area for atomic Br + , HBr + , CO + , and CO2 + . Taking into account two bromine isotopes ( 79 Br + and 81 Br + ), we compared the area assigned to Br + with that for CO + and CO2 + peaks.
The total concentration of acid sites (CPT) was determined by the titrimetric method by pouring pre-dried PAN-ACF into a 0.1 N NaOH solution for one day. According to this method, the concentration of NaOH in the solution was found before and after contact with the sample. The difference in the concentration of NaOH found before and after contact is assigned to the total amount of acid sites.
Dehydration of isopropanol vapor was studied in a flow reactor heated from 30 to 250 °C at a heating rate from 5 to 7 °C/min. The product concentration-propylene concentration was determined by infrared spectrometry at a wavenumber of 3,105 cm -1 . As a measure of catalytic activity, the temperature at 100% conversion of alcohol into propylene (t100%) was chosen.
Results and discussion
By chemical analysis, we found that bromination, according to proposed methods, Figure   3 ). We registered three TG/DTG effects for PAN-ACF/Br2 and PAN-ACF/KBr3 (Figure 3 ).
The first effect corresponds to physisorbed H2O. (Figure 3) . The temperature at the SO2 desorption peak is ~230
± 50 ° C (Table 1) . This fact is confirmed by the data of TPD MS, showing a significant release of SO2 within this temperature interval.
However, in this temperature range besides SO2, we registered CO desorption, which takes place because of the thermal decomposition of various oxygen-containing groups formed by oxidation of sulfur-containing fibers with H2O2 at the last stage of modification (Figure 2d) . The oxygencontaining groups whose thermal desorption occurs in the form of CO2 can be attributed predominantly to carboxyl groups, and groups that are desorbed with the release of CO and CO2, e.g., to lactone and anhydride groups [28, 29] . So, the effect of weight loss in the mentioned range refers to the decomposition of both strong acidic sulfo groups and weak acidic oxygen-containing groups.
According to obtained TG/DTG data, the total amount of acidic groups for PAN-ACF/KBr3/МА, PAN-ACF/Br2/МА, PAN-ACF/KBr3/Na2S, and PAN-ACF/Br2/Na2S ranged from 0.049 to 0.068 g/g. These values are greater than that for PAN-ACF/MA and PAN-ACF/Na2S ( Table 1) . We suggested that at acidification, the surface groups (III) interact with hydrochloric acid and giving (IV). The oxidation of (IV) caused the formation of sulfo groups (V). The direct reaction of PAN-ACF occurs similarly, as proposed above. propylene yield. Among them, the highest acidity has carboxyl groups, which are involved in the dehydration reaction. Since their acidity is much less than sulfo groups, we did not register the total conversion of alcohol into the reaction products over the pristine fibers. We registered 
Conclusions
We prepared the sulfonated PAN-ACFs from the brominated surface precursors. Sulfurcontaining functional groups have high thermal stability, and respective sulfonated PAN-ACFs catalysts showed a high total content of sulfo groups in the surface layer. These advanced solid acid catalysts in contrast to PAN-ACFs sulfonated by oleum and chlorosulfonic acids have high activity and not deactivating at the higher temperatures in the reaction medium.
